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Abstract
We investigate strong-coupling corrections to single-particle excitations in the normal state of a
spin-polarized unitary Fermi gas. Within the framework of an extended T -matrix approximation,
we calculate the single-particle density of states, as well as the single-particle spectral weight, to
show that the so-called pseudogap phenomenon gradually disappears with increasing the magnitude
of an effective magnetic field. In the highly spin-polarized regime, the calculated spin-polarization
rate as a function of the effective magnetic field agrees well with the recent experiment on a 6Li
Fermi gas. Although this experiment has been considered to be incompatible with the existence of
the pseudogap in an unpolarized Fermi gas, our result clarifies that the observed spin-polarization
rate in the highly spin-polarized regime and the pseudogap in the unpolarized limit can be explained
in a consistent manner, when one correctly includes effects of population imbalance on single-
particle excitations. Since it is a crucial issue to clarify whether the pseudogap exists or not in
the BCS (Bardeen-Cooper-Schrieffer)-BEC (Bose-Einstein condensation) crossover regime of an
ultracold Fermi gas, our results would be useful for the understanding of this strongly interacting
fermion system.
PACS numbers: 03.75.Ss, 03.75.-b, 03.70.+k
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I. INTRODUCTION
In ultracold 40K and 6Li Fermi gases, one can experimentally tune the strength of a
pairing interaction by adjusting the threshold energy of a Feshbach resonance[1–3]. This
unique property enables us to study the BCS-BEC crossover phenomenon[4–7], where the
character of a Fermi superfluid continuously changes from the weak-coupling BCS-type to
the BEC of tightly bound molecules, as one increases the strength of a pairing interaction[8–
15]. The intermediate coupling regime (which is also referred to as the BCS-BEC crossover
region in the literature) is dominated by strong pairing fluctuations, so that this regime is
particularly useful for the study of various many-body effects in a systematic manner. The
BCS-BEC crossover is one of the most exciting topics in cold Fermi gas physics[3, 16].
However, while the importance of pairing fluctuations in the BCS-BEC crossover regime
of an ultracold Fermi gas is now widely accepted, details of resulting many-body phenom-
ena are still in debate. In particular, the existence of the pseudogap phenomenon has
been extensively discussed both theoretically[17–22] and experimentally[23–29]. While the
photoemission-type experiments on a three-dimensional[23, 24] and a two-dimensional[26]
40K Fermi gas support the pseudogap scenario[17–22], the local pressure experiment[27],
as well as the experiment on the spin polarization rate[28] on 6Li Fermi gases support the
Fermi liquid theory. Between the latter two experiments, it has been pointed out that the
former can be explained by a strong-coupling theory including pseudogap effects[18]. Thus,
on the viewpoint of the pseudogap scenario, it is an important challenge to explain the
latter experiment on the spin-polarization rate within the framework of a pseudogap theory.
Since the normal Fermi liquid is characterized by long-lived Fermi quasi-particles near the
Fermi surface, it is quite different from the pseudogapped state, where the lifetime of Fermi
atoms is very short near the Fermi level, because of the formation of preformed Cooper
pairs. Thus, whether an ultracold Fermi gas in the BCS-BEC crossover region is a Fermi
liquid or a pseudogapped Fermi gas is a crucial issue in cold Fermi gas physics. Since the
pseudogap phenomenon has been extensively discussed in the under-doped regime of high-
Tc cuprates[30–33], this problem is also important to assess the preformed-pair scenario
discussed in this strongly correlated electron system[30].
In this paper, we investigate strong-coupling properties of a unitary Fermi gas with pop-
ulation imbalance, to clarify whether or not the recent experiment on the spin polarization
2
rate[28] can be explained within the pseudogap scenario. In considering this problem, we
note that Ref.[28] assumes that, if the pseudogap really exists in an unpolarized Fermi gas,
this effect should still remain even in the spin-polarized case. Under this assumption, they
extrapolate their experimental data in the highly spin-polarized regime to the unpolarized
limit, leading to the conclusion that the pseudogap does not exist in the absence of popula-
tion imbalance. Thus, to accomplish our purpose, a crucial key is to clarify to what extent
the pseudogap phenomenon is sensitive/insensitive to the presence of population imbalance.
In the spin-polarized case, it is known that the ordinary Gaussian fluctuation theory
developed by Nozie`res and Schmitt-Rink[10], as well as the (non-self-consistent) T -matrix
approximation[14, 17], that have been extensively used to clarify various interesting BCS-
BEC crossover phenomena in the unpolarized case, breakdown[34, 35]. To overcome this
serious problem, we have recently presented a minimal extension of the T -matrix theory
to include higher order pairing fluctuations[36]. The calculated spin susceptibility in this
extended T -matrix approximation (ETMA)[36] quantitatively agrees well with the recent
experiment on a 6Li Fermi gas[37], without introducing any fitting parameter. In this paper,
we also employ this strong-coupling theory, to examine the pseudogap phenomenon in a
spin-polarized unitary Fermi gas. Within the same framework, we also calculate the spin
polarization rate, to compare our result with the recent experiment on a 6Li unitary Fermi
gas[28].
This paper is organized as follows. In Sec. II, we explain the extended T -matrix approx-
imation (ETMA). In Sec. III, we examine the pseudogap phenomenon in the presence of
population imbalance. In Sec. IV, we discuss the spin-polarization rate as a function of an
effective magnetic field, to compare our result with the recent experiment on a 6Li unitary
Fermi gas[28]. Throughout this paper, we set ~ = kB = 1, and the system volume V is taken
to be unity, for simplicity.
II. FORMULATION
We consider a two-component unitary Fermi gas with population imbalance, described
by the BCS Hamiltonian,
H =
∑
p,σ
ξp,σc
†
p,σcp,σ − U
∑
p,p′,q
c†
p+q/2,↑c
†
−p+q/2,↓c−p′+q/2,↓cp′+q/2,↑. (1)
3
∑p,σ(iωn)  = 
Γ(q,iνn)  = +  … + 
(a)
(b)
-U
Gq-p,-σ(iνn-iωn)
Γ(q,iνn) 
FIG. 1: (a) Self-energy correction Σp,σ(iωn) in the extended T -matrix approximation (ETMA). (b)
ETMA particle-particle vertex function Γ(q, iνn). The solid line and the double solid line describe
the bare Green’s function G0
p,σ(iωn) and the dressed Green’s function Gp,σ(iωn), respectively. The
wavy line represents the attractive interaction −U(< 0).
Here, c†
p,σ is the creation operator of a Fermi atom with momentum p and pseudo-spin
σ(=↑, ↓), describing two atomic hyperfine states. ξp,σ = εp − µσ = p2/(2m) − µσ is the
kinetic energy, measured from the Fermi chemical potential µσ (where m is an atomic mass).
In the presence of population imbalance, one obtains µ↑ 6= µ↓, so that atoms feel an effective
magnetic field h = [µ↑ − µ↓]/2. −U is an assumed pairing interaction associated with a
Feshbach resonance, which is related to the s-wave scattering length as as,
4pias
m
=
−U
1− U∑ωc
p
1
2εp
, (2)
where ωc is a high-energy cutoff. In this paper, we consider a unitary Fermi gas, by setting
a−1s = 0. In addition, we assume a uniform Fermi gas, ignoring effects of a harmonic trap,
for simplicity.
Strong-coupling effects on single-particle excitations are conveniently described by the
self-energy correction Σp,σ(iωn) in the single-particle thermal Green’s function,
Gp,σ(iωn) =
1[
G0
p,σ(iωn)
]−1 − Σp,σ(iωn) . (3)
Here, ωn is the fermion Matsubara frequency, and G
0
p,σ(iωn) = [iωn − ξp,σ]−1 is the bare
Green’s function. In the extended T -matrix approximation (ETMA)[36], the self-energy
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Σp,σ(iωn) is diagrammatically described as Fig. 1, which gives
Σp,σ(iωn) = T
∑
q,iνn
Γ(q, iνn)Gq−p,−σ(iνn − iωn), (4)
where νn is the boson Matsubara frequency. In Eq. (4), −σ means the opposite component
to the σ-component. The ETMA particle-particle vertex function Γ(q, iνn) has the form,
Γ(q, iνn) =
−U
1− UΠ(q, iνn) , (5)
where
Π(q, iνn) = T
∑
p,iωn
G0
p+q/2,↑(iνn + iωn)G
0
−p+q/2,↓(−iωn)
= −
∑
p
1− f(ξp+q/2,↑)− f(ξ−p+q/2,↓)
iνn − ξp+q/2,↑ − ξ−p+q/2,↓ (6)
is the lowest order pair correlation function, describing pairing fluctuations.
We briefly note that the self-energy in the ordinary T -matrix approximation (TMA)
[14, 17–19] is also given by Eq. (4) where the dressed Green’s function G is simply replaced
by the bare one G0 (which diagrammatically corresponds to replace the double solid line
(G) in Fig. 1(a) by the solid line (G0)). Because of this difference, while the TMA sus-
ceptibility unphysically becomes negative in the crossover region, the ETMA correctly gives
positive susceptibility in the whole BCS-BEC crossover region. To explain the reason for
this improvement in a simple manner, it is convenient to replace the particle-particle vertex
function Γ(q, iνn) in Eq. (5) by the bare interaction −U . In this simple case, the ETMA
spin susceptibility χ, which has the vertex correction being consistent with the ETMA self-
energy in Eq. (4), involves the RPA (random phase approximation)-type infinite series of
bubble diagrams, as χ ∼ χ0/(1+Uχ0) (where χ0 is the lowest order spin susceptibility). On
the other hand, this RPA series is truncated at O(U) as χ ∼ χ0(1−Uχ0) in the TMA. As a
result, while the ETMA susceptibility is simply suppressed with increasing the interaction
strength U , the TMA susceptibility unphysically becomes negative when Uχ0 < 0. For more
details, we refer to Ref. [36].
Here, we explain our strategy to attack the pseudogap problem mentioned in Sec. I. We
first examine effects of population imbalance on the pseudogap phenomenon in a unitary
Fermi gas (a−1s = 0) along the path (A)-(B) in Fig. 2. For this purpose, we calculate the
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FIG. 2: (Color online) We examine effects of population imbalance on single-particle excitations
in a unitary Fermi gas along the path (A)-(B). In the case of path (A), we fix the temperature as
T = Tc(h = 0). In the case of path (B), the effective magnetic field is fixed as h/εF = 0.43. In
the region (C) (T/εF = 0.03, and h/εF ≥ 0.43), we calculate the spin polarization rate P , as a
function of the effective magnetic field h, where Ref. [28] measured this quantity in a 6Li Fermi
gas. The solid line shows the calculated Tc in the unitary limit. εF = k
2
F/(2m) is the Fermi energy
in an unpolarized free Fermi gas, where kF = (3π
2N)1/3 is the Fermi momentum.
single-particle spectral weight,
Ap,σ(ω) = −1
pi
Im [Gp,σ(iωn → ω + iδ)] , (7)
as well as the single-particle density of states,
ρσ(ω) =
∑
p
Ap,σ(ω), (8)
where Gp,σ(iωn → ω+ iδ) is the analytic continued ETMA dressed Green’s function (where
δ is an infinitesimally small positive number). In calculating these quantities, the Fermi
chemical potential µσ in the Green’s function is determined from the equation for the number
Nσ of Fermi atoms in the σ-component, given by
Nσ = T
∑
p,iωn
Gp,σ(iωn)e
iδωn . (9)
The total particle number N = N↑ +N↓ is fixed, in determining µσ along the path (A)-(B).
We then consider the region (C) in Fig. 2, where the spin-polarization rate,
P =
N↑ −N↓
N↑ +N↓
, (10)
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FIG. 3: (Color online) Calculated single-particle density of states ρσ(ω) at Tc in a unitary Fermi
gas with population imbalance.
has been recently measured[28]. In this regime, we calculate this quantity, to see to what
extent the ETMA (which gives the pseudogap in the unpolarized case) can explain this
experiment[28] (which has been considered to be incompatible with the existence of the
pseudogap in the unpolarized case).
As shown in Fig. 2, both the path (A)-(B) and the region (C) are in the normal state.
In this figure, the superfluid phase transition temperature Tc is determined from the Tc-
equation[36, 38, 39],
0 =
∑
p

tanh
(
ξp,↑
2Tc
)
+ tanh
(
ξp,↓
2Tc
)
ξp,↑ + ξp,↓
− 1
εp

 . (11)
In Fig. 2, Tc vanishes at h ≃ 0.255εF (≡ hc), as expected from the analogy to metallic
superconductivity under an external magnetic field (where εF is the Fermi energy in an
unpolarized free Fermi gas). In this regard, we note that the phase-separated region which
consists of the superfluid phase and the normal phase would actually exist in a real ultracold
Fermi gas around the region h >∼ hc[40], which, however, cannot be described by the present
theory assuming a uniform gas. In this regard, we note that the phase transition temperature
in this regime would be lower than Tc(h = 0) in the unpolarized limit[40]. In addition, it has
been experimentally confirmed that the region (C) in Fig. 2 is in the normal state[28, 40, 41].
Thus, the system would be still in the normal state along the path (A)-(B), as well as in the
region (C), even in a more sophisticated theory which can treat the phase separation.
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FIG. 4: (Color online) Calculated single-particle density of states ρσ(ω) along the path (A) (upper
panels) and along the path (B) (lower panels). In the upper and lower panels, we set T = Tc(h = 0)
and h/εF = 0.43, respectively.
III. SINGLE-PARTICLE EXCITATIONS AND PSEUDOGAP PHENOMENON IN
A SPIN-POLARIZED UNITARY FERMI GAS
Figure 3 shows the single-particle density of states ρσ(ω) at Tc in the unitarity limit. In
the absence of the population imbalance (h = 0), one sees a dip structure around ω = 0.
Since the superfluid order parameter vanishes at Tc, this is just the pseudogap originating
from strong pairing fluctuations. This dip structure exists even in the presence of population
imbalance, when one moves along the Tc-line given in Fig. 2.
When we move along the path (A) in Fig. 2, since we gradually go away from the
superfluid region, the pseudogap in ρσ(ω) gradually disappears, as shown in Figs. 4(a1) and
(a2). At the end of the path (A) (h/εF = 0.43), apart from details, the overall structure of
the density of states ρσ(ω) is close to the density of states ρ
0
σ(ω) in a free Fermi gas, given
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FIG. 5: (Color online) Calculated intensity of the single-particle spectral weight Ap,σ(ω), normal-
ized by ε−1F . The upper two panels show the results at Tc when h/ǫF = 0.2. The lower two panels
show the results at the end of the path (B) (h/ǫF = 0.43, and T/ǫF = 0.03). The left (right) two
panels show Ap,↑(ω) (Ap,↓(ω)).
by
ρ0σ(ω) =
mkF
2pi2
√
ω + µσ (ω ≥ −µσ), (12)
where kF is the Fermi momentum in an unpolarized free Fermi gas. However, when we
further move along the path (B), a dip structure revives, not around ω = 0, but above
ω = 0, as shown in Figs. 4(b1) and (b2).
We point out that the origin of the dip structure at the end of the path (B) is different
from the ordinary pseudogap mechanism working in the case of Fig. 3. In the latter case, the
pseudogap may be viewed as a particle-hole coupling phenomenon induced by strong-pairing
fluctuations[17]. Indeed, as shown in Ref. [42], under the assumption that pairing fluctua-
tions are strong in the low-energy and low-momentum region near Tc, when we approximate
the ETMA self-energy in Eq. (4) to Σp,σ(iωn) ≃ G−p,−σ(−iωn) × T
∑
q,iνn
Γ(q, iνn), we
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obtain
Σp,σ(iωn) ≃
∆˜2pg,σ(iω)
iω + ξp,−σ
. (13)
Here,
∆˜2pg,σ(iωn) =
2∆2pg
1 +
√
1− 2∆
2
pg
(iωn − ξp,σ)(iωn + ξp,−σ)
(14)
is the ETMA pseudogap parameter[42], where ∆2pg = −T
∑
q,iνn
Γ(q, iνn)[17, 20]. Substi-
tuting Eq. (14) into Eq. (3), we obtain
Gp,σ(iωn) =
1
iωn − ξp,σ −
∆˜2pg,σ(iωn)
iωn + ξp,−σ
, (15)
which physically means that pairing fluctuations described by the ETMA pseudogap param-
eter ∆˜pg,σ couple the particle branch ω = ξp,σ with the hole branch ω = −ξp,−σ. Indeed, in
each of Figs. 5(a1) and (a2), we slightly see a broad spectral peak of the hole branch, in
addition to the particle branch. In this figure, this particle-hole coupling is found to modify
the single-particle excitation spectrum around ω = 0, leading to the pseudogap structure in
Fig. 3.
In contrast to the pseudogapped case shown in Figs. 5(a1) and (a2), such particle-hole
coupling is not seen in the spectral weight Ap,σ(ω) at the end of path (B), as shown in
Figs. 5(b1) and (b2). In each of these panels, we see a sharp spectral peak line describing
particle dispersion below ω = 0, which becomes broad when ω >∼ 0. Since the width of
the spectral peak is directly related to the quasi-particle lifetime τ , the sharp spectral peak
in the negative energy region (ω <∼ 0) indicates that the Pauli blocking suppresses quasi-
particle scatterings there. On the other hand, the broad spectral peak in the positive energy
region (ω >∼ 0) indicates frequent quasi-particle scatterings, leading to short quasi-particle
lifetime. Since the density of states ρσ(ω) is given by the summation of the spectral weight
Ap,σ(ω) with respect the momentum p (See Eq. (8).), the broad spectral weight above ω = 0
is considered to decrease the magnitude of the density of states ρσ(ω), leading to the dip
structure when h/εF = 0.43 and T/εF = 0.03[43].
The above discussion at the end of path (B) makes us expect the existence of clear Fermi
surfaces in the low temperature region of a highly spin-polarized Fermi gas, even in the
10
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FIG. 6: (Color online) Calculated momentum distribution np,σ = 〈c†p,σcp,σ〉 in a highly spin-
polarized unitary Fermi gas (h/ǫF = 0.8). (a) np,↑. (b) np,↓. In each panel, the inset shows the
momentum width w = p2−p1 of the Fermi surface edge, where p1 (p2) is the momentum satisfying
np1↑ = 0.2 (np2↓ = 0.75) in the case of the ↑-spin component, and satisfying np1↑ = 0.2 (np2↓ = 0.6)
in the case of the ↓-spin component.
unitarity limit. To confirm this, we show in Fig. 6 the momentum distribution,
np,σ = 〈c†p,σcp,σ〉 = T
∑
iωn
Gp,σ(iω)e
iδωn , (16)
in a highly spin-polarized Fermi gas (h/εF = 0.8). As expected, np,σ exhibits a clear “Fermi
surface edge”, which becomes sharper at lower temperatures. Although we cannot calculate
this quantity at T = 0 because of computational problems, from the extrapolation of our
results shown in the insets in Fig. 6, the momentum distribution np,σ at T = 0 is expected
to be very close to the step function, as in the case of a free Fermi gas at T = 0.
The existence of the sharp Fermi surface edge indicates the validity of the Fermi quasi-
particle picture in this regime, so that the pseudogapped Green’s function in Eq. (15) would
be no longer valid there. In the quasi-particle picture, expanding the real part of the analytic
continued self-energy Re[Σp,σ(iωn → ω + iδ)] to O(ω), we obtain the (analytic continued)
quasi-particle Green’s function as,
Gp,σ(ω + iδ) =
Zp,σ
ω − ξ˜p,σ − ImΣ˜p,σ(ω + iδ)
. (17)
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Here,
Zp,σ =
[
1− ∂Re[Σp,σ(ω + iδ)]
∂ω
]−1
(18)
is a renormalization factor in the σ-spin component, and Σ˜p,σ(ω + iδ) = Zp,σΣp,σ(ω + iδ).
ξ˜p,σ = p
2/(2m˜) − µ˜p,σ is the (renormalized) kinetic energy of a Fermi quasi-particle, where
m˜ = m/Zp,σ and µ˜p,σ = Zp,σ[µσ − Σp,σ(0)]. Strictly speaking, the quasi-particle Green’s
function in Eq. (17) is only valid for the low-energy region. However, when we simply
use this expression in calculating the momentum distribution np,σ, ignoring lifetime effects
described by ImΣ˜p,σ(ω + iδ) for simplicity, we obtain, at T = 0,
np,σ = Zp,σΘ(−ξ˜p,σ), (19)
where Θ(x) is the step function. From the comparison of Eq. (19) with Fig. 6, the renor-
malization factors are roughly evaluated as Zp↑ ≃ 0.95 and Zp,↓ ≃ 0.8.
We note that, although the Fermi quasi-particle picture is valid for a highly spin-polarized
unitary Fermi gas, it does not mean the validity of this description in the unpolarized case.
As shown in Fig. 3, the pseudogap actually exists in the absence of population imbalance.
Although Ref. [28] assumes that the shape of the density of states remains unchanged in
the presence of a finite magnetic field h, the ETMA clearly shows that the character of
a unitary Fermi gas actually continuously changes from the pseudogapped gas to a gas of
Fermi quasi-particles, along the path (A)-(B) given in Fig. 2.
IV. SPIN POLARIZATION RATE IN A HIGHLY SPIN-POLARIZED UNITARY
FERMI GAS
Figure 7 shows the spin polarization rate P , as a function of the effective magnetic field
h in a unitary Fermi gas. The calculated spin polarization rate in the region (C) agrees well
with the recent experiment on a 6Li Fermi gas[28]. We emphasize that there is no fitting
parameter in obtaining our result, which indicates the validity of the ETMA for the study
of a highly spin-polarized Fermi gas.
So far, the experiment shown in Fig. 7 has been considered to deny the existence of the
pseudogap in an unpolarized unitary Fermi gas[28], because of the fact that the fitting line
obtained in the normal state (h/εF >∼ 0.43) crosses the y-axis (h = 0) at P = 0, as shown in
Fig. 7[44]. However, although our result also gives the same result when it is extrapolated
12
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FIG. 7: (Color online) Spin polarization rate P , as a function of the effective magnetic field h in
a unitary Fermi gas. The sold line shows the ETMA result calculated in the region (C) in Fig. 2.
Filled circles are experimental data on a 6Li unitary Fermi gas[28]. We also show the fitting line
given in Ref. [28] (dashed line). In this figure, ‘PS’ and ‘SF’ mean the phase separated region and
the superfluid phase, respectively[41].
to h = 0, the pseudogap actually exists in the unpolarized limit, as shown in Fig. 3. That
is, the spin-polarization rate P observed in a highly spin-polarized 6Li Fermi gas does not
contradict with the existence of the pseudogap in an unpolarized Fermi gas.
V. SUMMARY
To summarize, we have discussed single-particle excitations in the normal state of a
unitary Fermi gas with population imbalance. Within the framework of an extended T -
matrix approximation, we have calculated the single-particle density of states, as well as the
single-particle spectral weight, to clarify how the presence of population imbalance affects
the pseudogap phenomenon. Within the same framework, we have also calculated the spin
polarization rate as a function of an effective magnetic field.
Along the path (A)-(B) in Fig. 2, we showed that the character of a unitary Fermi gas
continuously changes from the pseudogapped Fermi gas to a gas of Fermi quasi-particles.
That is, the dip structure in the density of states around ω = 0 originating from strong
pairing fluctuations gradually disappears, when one moves along this path. In the highly spin
polarized regime, a clear Fermi surface edge is obtained in each spin component (σ =↑, ↓).
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From the extrapolation of our result down to T = 0, the momentum distribution in this
regime looks having discontinuity at the Fermi surface at T = 0, as in the case of a normal
Fermi liquid[45]. Since the concept of Fermi liquid was originally introduced to describe
repulsively interacting fermion systems, we need further study to check whether or not this
idea can be also applicable to an attractively interacting Fermi gas. In this regard, at least,
the existence of the discontinuity in the momentum distribution satisfies the condition for
the Fermi liquid[45]. Apart from this terminology, our results indicate that a spin-polarized
Fermi gas is a useful system to examine how the pseudogapped Fermi gas changes into a
quasi-particle Fermi gas in a systematic manner.
In a highly spin-polarized regime (region (C) in Fig. 2), the calculated spin polarization
rate P as a function of an effective magnetic field h agrees well with the recent experiment
on a 6Li Fermi gas[28], without introducing any fitting parameter. Although this experiment
has been considered to contradict with the existence of the pseudogap in unpolarized Fermi
gases, our result clarifies that this problem can be resolved, when one correctly includes the
dependence of the density of states on the spin polarization. In addition, this agreement
also indicates the validity of the extended T -matrix approximation (ETMA)[36] for a spin-
polarized Fermi gas.
Although the present ETMA can describe the continuous change from a pseudogapped
Fermi gas to a quasi-particle Fermi gas by adjusting the magnitude of an effective magnetic
field h, there still exists room for improvement. To construct the phase diagram of a spin-
polarized Fermi gas, we need to further extend this theory so that we can treat the phase
separated region. In addition, the ETMA is not a fully self-consistent theory in the sense that
it still uses the bare Green’s function in the particle-particle vertex function Γ(q, iνn). The
improvement of this is also a crucial theoretical issue. In particular, details of the particle-
particle vertex function are important in considering the so-called spin-polaron discussed
in an extremely spin-polarized Fermi gas[46]. Thus, this improvement would enable us to
treat the pseudogap phenomenon, quasi-particle Fermi gas, and spin polarons, in a unified
manner. Since ultracold Fermi gases with population imbalance involve various interesting
topics, our results would contribute to the further development of this active research field,
in addition to the understanding of the pseudogap physics discussed in unpolarized Fermi
gases.
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